Purpose The need of patellar resurfacing in total knee arthroplasty (TKA) is a subject of debate. This systematic review of overlapping meta-analyses aimed to assess and analyze current evidence regarding patellar resurfacing and non-resurfacing in TKA. Methods A systematic literature search was performed in March 2017 in PubMed, CINAHL and Cochrane Library. Inclusion criteria were meta-analysis of randomized controlled trials that compared TKA with and without patellar resurfacing considering as outcomes re-operations rate, complications, anterior knee pain, functional scores. The quality of meta-analyses was evaluated with AMSTAR score and the most relevant meta-analysis was determined by applying the Jadad algorithm. Results Ten meta-analyses, published between 2005 and 2015, were included in the systematic review. Two studies found a significantly increased Knee Society Score in the resurfacing group. According to four meta-analyses, anterior knee pain incidence was lower in resurfacing group. Six of the included studies described a greater risk of re-intervention in the nonresurfacing groups. The overall quality of included studies was moderate. The most relevant meta-analysis reported no differences in functional scores and incidence of anterior knee pain between the groups. Conclusions Comparable outcomes were found when comparing patellar resurfacing and non-resurfacing in TKA. The higher risk of re-operations after non-resurfacing should be interpreted with caution due to the methodological limitations of the meta-analyses regarding search criteria, heterogeneity and the inherent bias of easier indication to reoperation when the patella is not resurfaced. There is no clear superiority of patellar resurfacing compared to patellar retention. Level of evidence Level II, systematic review of meta-analyses.
Introduction
The need of resurfacing the patella in total knee arthroplasty (TKA) is an unresolved controversy. There are three different possible approaches: systematic resurfacing, selective resurfacing and systematic non-resurfacing [49] . Systematic resurfacing is supposed to be effective in reducing reoperation rate, postoperative anterior knee pain and improving knee function [26] . Advocates of systematic non-resurfacing claim lesser intra-operative complications, decreased surgical time and similar clinical results [48] . General indications for selective resurfacing have been reported in literature; however, there are still no universally accepted guidelines [2, 35, 49] . In order to resolve this issue, a number of studies have been published, including randomized controlled trials (RCTs) and high level quality studies [5, 10, 11, 16, 24, 25] . The results of these studies have been addressed in several meta-analyses in the past few years, without reaching definitive conclusions and with results that are somehow controversial, especially regarding anterior knee pain and functional scores [3, 12, 17, 20, 29, 39, 41, 42, 44, 45] . Systematic reviews of overlapping meta-analyses within the same topic have been conducted in order to present and investigate similar controversies on rotator cuff tears, anterior cruciate ligament reconstruction and Achilles tendon rupture [30, 47, [59] [60] [61] . Considering contrasting results on patellar resurfacing reported by published meta-analyses, this topic was considered suitable for this kind of review. The Jadad algorithm [22] has been employed to "select the most relevant and valid of the conflicting reviews". The algorithm is based on the evaluation of the question asked by the various meta-analyses, the similarity of included trials and their quality, the selection criteria and the quality of data synthesis and statistical analysis.
To our knowledge, there is no systematic review of overlapping meta-analyses investigating the relative effects between patellar resurfacing and non-resurfacing during TKA. The objective of the present study was to perform a systematic review of overlapping meta-analyses regarding patellar resurfacing versus non-resurfacing during TKA, in order to answer the following questions: (1) Is patellar resurfacing superior to non-resurfacing regarding clinical outcomes such as anterior knee pain or universally recognized knee scores? (2) Is revision rate superior in patellar resurfacing or non-resurfacing? (3) Are infection rates or mechanical complications more frequent in the resurfacing group? (4) Which is the most relevant and valid meta-analysis on patellar resurfacing versus non-resurfacing according to the Jadad algorithm?
Materials and methods

Search strategy and inclusion criteria
The present study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [31] guidelines. A systematic literature search was performed by two independent investigators on March 2017 in the databases of PubMed, CINAHL and Cochrane Library. The search was further complemented with screening of the website clinicaltrials.gov. The keywords used were "patella*", combined with "TKA" OR "total knee replacement" OR "total knee prosthesis" OR "total knee arthroplasty" AND "meta-analysis". No language restrictions were applied. The references of the included studies were manually checked to find any relevant meta-analyses missed by the electronic search. The titles and abstracts were first reviewed, and the full texts were acquired if the information was not sufficient to determine eligibility. Disagreements were settled by discussion, and the senior author was consulted when necessary. Considering the high risk of metaanalyses including different studies or duplications, strict inclusion criteria had to be applied.
The inclusion criteria of the present systematic review were: meta-analysis of RCTs or quasi-randomized controlled trials; comparison between the outcomes of TKA with patellar resurfacing or non-resurfacing; investigation of at least one main outcome such as reoperations, complications, anterior knee pain, functional scores. Narrative reviews, systematic reviews without meta-analysis, meetings abstract and correspondences were excluded.
A piloted form was designed for data extraction prior to study start and two investigators independently extracted the following information from each meta-analysis: first author, journal, year of publication, databases for search and date of search, primary study design, the number of RCTs included. Details of methodology such as level of evidence, software used, use of execution of subgroup analysis, sensitivity analysis, meta-regression or evaluation of publication bias were collected as well. The Grading of Recommendations Assessment, Development and Evaluation (GRADE) [19] guidelines were applied during data extraction. This is a common, sensible and transparent approach to grade quality (or certainty) of evidence and strength of recommendations in scientific literature. Finally, the results from each metaanalysis were extracted and the heterogeneity of outcomes was assessed.
Quality evaluation
The quality of the included meta-analyses was evaluated by the Oxford Levels of Evidence [58, 62] . A level I metaanalysis was defined by including level I RCTs; a level II meta-analysis was defined by including at least one quasirandomized study (with inadequate randomization) or low-quality RCTs (e.g. < 80% follow-up rate). Additionally, A Measurement Tool to Assess Systematic Reviews (AMSTAR) [52] was applied. The AMSTAR has been widely used to evaluate the quality of systematic reviews [30, 47, [59] [60] [61] . This is an 11 items score, ranging from a minimum of zero to a maximum of 11 points, indicating the highest quality. The quality of the meta-analyses was independently evaluated by two authors. Potential disagreements between authors were settled by discussion, and the senior author was consulted if necessary.
Application of Jadad decision algorithm
The Jadad algorithm was applied to evaluate outcomes and quality parameters of the meta-analyses that only included RCTs [22] . The Jadad decision algorithm was designed based on following questions: (1) Do the meta-analyses ask the same question? (2) Do the meta-analyses include the same studies? (3) Do the meta-analyses containing the same trials have the same methodological quality? (4) Do the discordant meta-analyses including different trials use the same selection criteria? This method has been already employed to offer treatment recommendations among meta-analyses with discordant conclusions [30, 47, [59] [60] [61] . The algorithm was independently applied by three authors, who reached a consensus regarding which meta-analysis offered the best available evidence.
The meta-analysis of the highest quality was selected based on the following factors: publication status and methodology of the primary studies, language restrictions and the analysis of data on individual patients. Concerning the publication characteristics, the included meta-analyses were published over an extended period of time; thus, more recent meta-analyses were preferred to less recent once.
Results
The initial search yielded a total of 484 results. After duplicate removal, 428 papers were screened. Of these, 418 studies were excluded because not meeting the inclusion criteria. Finally, ten meta-analyses were included in the final systematic review [3, 12, 17, 20, 29, 39, 41, 42, 44, 45] (Fig. 1) . The included meta-analyses were published between 2005 and 2015, and included a different number of RCTs, ranging from 10 RCTs in the metaanalysis by Fu et al. to 18 RCTs in the one published by Pavlou et al. (Table 1 ). In total, 35 individual studies, published between 1983 and 2012, were included in the eligible meta-analyses [1, 4-11, 14-18, 21, 23-25, 27, 28, 32-34, 36-38, 40, 43, 46, 50, 51, 53-57] , and two studies were included in all ten meta-analyses (Table 2) . Language restrictions and inclusion in databases of all meta-analyses Table 3 . The most frequently used software for data analysis in included meta-analyses was RevMan (Open source software, Cochrane collaboration). The results of each meta-analysis are depicted in Fig. 2 .
Quality appraisal
Three meta-analyses included both RCTs and quasi-randomized controlled trials, however, all meta-analyses were determined as level of evidence II due to the low quality of several of the included RCTs. Four meta-analyses did not perform any form of quality appraisal of the included RCTs, while only two meta-analyses used the PRISMA guidelines and no one reported the evidence according to the GRADE guidelines ( Table 4 ). The result of AMSTAR score ranged from 3 to 9, with none of the meta-analyses presenting a priori design (Table 5 ).
All the meta-analyses reported some entity of heterogeneity for at least one of the investigated outcomes. Four studies performed a sensitivity analysis, three studies performed a subgroup analysis, one performed a meta-regression and four investigated publication biases. The outcome with the lowest heterogeneity was the risk of re-operation, either in general or related to patello-femoral problems. The outcomes with higher heterogeneity were the anterior knee pain and the Knee Society Score (KSS) function score ( Table 6 ). The study by He et al. was the only to perform a subgroup analysis based on study quality according to the Detsky scale [13] . Finally, the study by He et al. was selected as the meta-analysis offering the best current evidence (Fig. 3) .
Subjective outcomes
Functional scores
Concerning postoperative scores, all meta-analyses analyzed different scales for reporting of clinical outcomes. The majority of the meta-analyses did not find any significant differences in functional scores between patellar resurfacing and non-resurfacing. Two studies found a significantly increased KSS score in the resurfacing group compared to the non-resurfacing. No differences concerning subjective satisfaction were found when analyzed in three articles [29, 39, 45] .
Pain
All meta-analyses included anterior knee pain as one of the main outcomes. According to four meta-analyses, the incidence of anterior knee pain was lower in the resurfacing group. In the remaining six articles, no statistically significance was found. Two meta-analyses specifically evaluated knee pain scores and one analyzed the visual analogue scale (VAS) without finding any significant difference. Stair climbing pain was significantly reduced in the resurfacing group in one meta-analysis.
Reoperations
Six of the included studies concluded a greater risk of reintervention in the non-resurfacing group. Four studies Table 2 Primary studies included in meta-analyses 
Complications
Complications related to patello-femoral joint
Considering general complications related to patello-femoral problems, one study found that patellar resurfacing led to significantly less complications compared to non-resurfacing. One study reported no significant difference, and the other studies did not report data on this topic.
Others
According to two meta-analyses there was no difference in risk of infection between the groups. One meta-analysis addressed both post-operative patellar tilt and patellar shift without finding any significant difference between the groups.
Results of Jadad decision algorithm
The meta-analysis by He et al. [20] , was selected as the study of the highest quality according to the Jadad algorithm. This study did not find differences in KSS score and KSS function, incidence of anterior knee pain and pain scale according to the standardized mean difference (SMD) between patellar resurfacing and non-resurfacing. Risk of re-operation was higher after non-resurfacing, however, when the authors considered only high quality RCTs, no differences were reported.
Discussion
The most important finding of the present study is the absence of clear superiority between patellar resurfacing and non-resurfacing in TKA. The aim of this study was to perform a systematic review of overlapping meta-analyses on clinical and functional outcomes of patellar resurfacing compared with non-resurfacing in order to identify and evaluate controversies among meta-analyses of this topic. It was shown that a majority of the meta-analyses unanimously reported equivalent results after patellar resurfacing compared with non-resurfacing in terms of functional scores and complication rates, however, an increased risk of reoperation after patellar non-resurfacing was reported. Across all outcomes that this review examined, non-resurfacing of the patella never demonstrated a superior outcome compared with patellar resurfacing. The first aim of this study was to evaluate if clinical outcomes such as anterior knee pain or validated knee scores, such as the KSS, differ between resurfacing and non-resurfacing of the patella. Although two meta-analyses reported superior clinical scores in favor of the resurfacing group, the mean differences compared with the non-resurfacing group were trivial and not clinically meaningful. Moreover, strict conclusion making regarding the superiority of one technique over the other was aggravated by the high statistical heterogeneity of these outcomes. Several confounding factors could in fact jeopardize a valid evaluation of such outcomes, e.g. the use of different evaluation scales for clinical outcome. It should be noted that, despite this, not all the studies performed a sensitivity analysis or a publication bias evaluation to address the problem of heterogeneity of these outcomes. Only Pavlou et al. [44] performed a separate analysis of clinical scores in the patellar resurfacing groups considering if the total knee arthroplasty had a patellar-friendly or non patellar-friendly design, based on shape, position and depth of the trochlear groove. However, this analysis did not show superior outcomes when patellarfriendly TKA designs, which were claimed to improve the extensor mechanism function, were used [44] . With regard to post-operative anterior knee pain, four meta-analyses reported less pain after patellar resurfacing compared to non-resurfacing, while six studies found no difference in anterior knee pain between the two techniques. This heterogeneity in the result of post-operative pain among the studies could be related to the large number of possible factors causing residual anterior knee pain after TKA and how pain was evaluated. For example, pain related to stair climbing was evaluated in one meta-analysis, which reported superior results in favor of the resurfacing group. However, since only one meta-analysis included this information and this specific task for evaluation of pain, the data are insufficient for evidence-making in this topic.
The rate of re-intervention for patellar resurfacing compared with non-resurfacing was another main aspect for investigation in this review. Interestingly, the outcome of reintervention rate was the most unanimously reported among included studies. The study by Parvizi et al. [42] , was the only not to report a significant difference in re-intervention rate between the techniques. In all other studies, a lower risk for reoperation was reported after patellar resurfacing compared with non-resurfacing. Furthermore, the heterogeneity reported for this outcome was low which strengthen the reliability of the results. Additionally, several meta-analyses performed a subgroup analysis to specifically investigate the re-operation rates of patellar resurfacing and non-resurfacing groups. Pakos et al. and Li et al. [29, 41] , analyzed the studies based on the follow-up time and reported a significant 1 3 increase of re-operation after patellar non-resurfacing in studies with more than 5 years of follow-up, a result not seen in studies with less than 5 years follow-up. The authors explained this finding by proposing that complications tend to appear in the long-term, after the third or fourth postoperative year. The higher incidence of re-operation in the non-resurfacing group may also be explained by the lesser invasiveness that a selective patellar resurfacing surgery is associated with, compared with the more complex surgery required if re-operation is necessary for indications other than performing a patellar resurfacing, which might be the case in patients who received patellar resurfacing at the index TKA. Thus, it is possible that the higher re-operation rates in the non-resurfacing group is related to a selection bias, since surgeons likely are more prone to perform a secondary surgery for patellar resurfacing in this group. The present review also aimed to investigate if the infection rate or mechanical complications, such as patellar tilt and shift, were higher after patellar resurfacing compared with non-resurfacing. The infection rate did not differ between the groups in any of the meta-analyses, which reflects that the longer operative time commonly associated with patellar resurfacing does not affect the risk of infection. The statistical heterogeneity for this outcome was low; however, since the infection rate after TKA is generally low, small sample sizes might bias this outcome due to imprecision.
The clinical indication for patellar resurfacing in TKA continue to be a subject for debate, especially in regard to how this may influence subsequent anterior knee pain and functional scores [35, 49] . Generally, surgeons are of different opinions and may advocate a systematic performance of resurfacing, selective resurfacing or systematic non-resurfacing, since no universally accepted guidelines exist. One of the most effective approaches for evaluation of current evidence in scientific literature is still to perform meta-analyses. Nevertheless, it is important to ascertain adequate knowledge of both clinical interpretation and statistical performance of such an analysis in order to conduct a metaanalysis of high quality. Previous meta-analyses on patellar resurfacing in TKA have many times reported conflicting results although the same pool of papers have been analyzed [3, 12, 17, 20, 29, 39, 41, 42, 44, 45] which indicates that the methodological aspects for performance of a meta-analysis are challenging. In this review, specific scores were applied to evaluate the quality of included meta-analyses in order to identify the studies of the highest quality. According to the Jadad algorithm [22] , the article by He et al. [20] was found to be most valid and relevant based on its methodological quality. This meta-analysis reflected the general results presented above, since it reported a significantly reduced risk of re-operation after patellar resurfacing (P = 0.03) and similar clinical outcomes of the two techniques. However, it should be underlined that when a subgroup of seven high quality RCTs was analyzed by He et al. [20] , no evidence regarding superiority of patellar resurfacing in terms of re-operation risk was found. Possible explanations for that could be either the reduction of confounding factors following a Fig. 3 Jadad algorithm for the selection of the best quality of evidence higher quality of the included studies, or to the reduction of statistical power due to the smaller sample size.
This study has a number of limitations and the main limitation relies on its design. It represents a systematical and critical evaluation of studies that summarize the evidence from RCTs using statistical artifacts. Therefore, no novel data are provided by this study. A secondary structural limitation is the impossibility to pool the results of the various meta-analyses, allowing only a descriptive presentation of the data and an arbitrary selection of the most reliable findings. The database choice, the inclusion of unpublished studies or the application of language restriction were not consistent among the various meta-analyses and the high statistical heterogeneity of the outcomes contributed to the inconsistency of the results. Having not observed any clear superiority of resurfacing versus retention in TKA, the choice in clinical practice still has to be made by the surgeon, relying on his personal preference, experience and implant peculiarities.
Conclusion
This evaluation of meta-analyses of clinical and functional outcomes after patellar resurfacing and non-resurfacing showed comparable results between the two techniques. The generally higher risk of reoperations after non-resurfacing should be interpreted with caution due to the methodological limitations of the meta-analyses regarding search criteria, heterogeneity, quality of the included RCTs and the inherent bias of easier indication to reoperation when the patella is not resurfaced at the index TKA.
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